Abstract -Karyological studies have been conducted within fi ve native cultivated populations of Salvia miltiorrhiza in China. The fi ve populations can be divided into two kinds of somatic karyotypes. The karyotype formula of Zhongjiang population was K(2n) = 16 = 6m + 10 sm and another formula from four populations were K(2n) = 16 = 8m + 8sm. Three degrees of asymmetry calculated by PASZKO'S method show that Neixiang population has the most symmetrical karyotype, and Taian population has the most asymmetrical karyotype. The karyotype displayed a low level of genetic variability among populations with average Nei's genetic distance 0.0028. The fi ve populations clustered into two distinct groups. The genetic relationships among populations are not related with their geographical distribution.
INTRODUCTION
Salvia miltiorrhiza Bge. (also known as Danshen in Chinese), belonging to Lamiaceae family, was a perennial plant with strong environmental adaptability and fl ourishes in warm and humid environments with abundant sunlight, and was widely distributed in the plain and hills of East China, Central China and North China (LI et al. 2008) . The species predominantly propagate sexually by seeds at most plant regions or propagated vegetatively by a short rhizome in few regions such as Zhongjiang, Sichuan province (ZHANG et al. 2002) .
S. miltiorrhiza is a widely used medicinal herb in Asia (YANG 1990) . Its root offi cially listed in the Chinese Pharmacopoeia has been traditional used for centuries to treat cardiovascular diseases such as angina pectoris, myocardial infarction, and stroke (CHINA PHARMACOPOEIA COMMITTEE 2005) . Some studies also indicated that the extract of S. miltiorrhiza could treat liver diseases (LIU et al. 2002) , acquired immunodefi ciency syndrome (AIDS) (ABD-ELAZEM et al. 2002) , and diabetic nephropathy (JUNG et al. 2002) . It is an important constituent of various medicinal preparations like Cardiotonic pills (Fufang Danshen Diwan) which is effective drug for treatment of angina pectoris (LIU et al. 1997) . At present, commercial Danshen herb mainly depends on cultivated S. miltiorrhiza in east and central China (LIN et al. 2008) . The main cultivation areas of S. miltiorrhiza in China are Taian and Linyi cities in Shandong province, Shuangluo city in Shanxi province, Lushi and Neixiang counties in Henan province and Zhongjiang county of Sichuan province.
In many plant groups, karyological studies including chromosome number, chromosome morphology have been used mostly in germplasm identifi cation, genetic relationships and variations analysis. However, karyological studies on S. miltiorrhiza are restricted to only chromosome numbers (ZHANG et al. 2002; ZHAO et al. 2006) . No karyotype analysis among S. miltiorrhiza populations is available in the literatures. The aim of this study is (1) to investigate the chromosome number, karyotype and other detailed measurements within 5 important culti-vated populations of S. miltiorrhiza; (2) to determine whether there have karyotype differences within these populations for further germplasm identifi cation or biodiversity assessment; (3) to assess genetic relationships among populations using karyotype analysis data.
MATERIALS AND METHODS
Plant material -In this study, fi ve cultivated populations of S. miltiorrhiza were used. The details on sample collection are given in Table  1 . These regions for the sample collecting are the main cultivation area of China (Fig. 1) . The plants were grown in a well-drained sandy loam soil with periodic organic manuring under uniform cultivation conditions in the experimental plots at State Key Laboratory of Crop Biology, Shandong Agricultural University.
Cytological study -Seedlings were raised from cuttings in Zhongjiang population or seeds in other four populations. Vigorous root tips (1-3 cm in length) were excises from the seedlings and pretreated in ice water for about 24 h at 4°C temperature, then fi xed in Carnoy's solution for at least 24 h at 4°C. The fi xed roots were hydrolysed in 1 mol/L HCl at 60°C for 8 min, then washed with water, stained with carbol fuchsin and squashed for observations. The metaphase chromosomes of at least 15 cells of 5 seedlings roots were counted. The obtained metaphase plates were examined and photographed using an Olympus BX60 microscope with automatic camera.
Chromosome measurements including long arm, short arm, total length of chromosome set, arm ratio index and relative chromosome length were made from 5 enlarged well-spread metaphase cells of each population using chromosome analysis software of Leica company. Chromosomes were classifi ed according to the nomenclature of LEVAN et al (1964) . The homologous chromosomes were paired by their similarity in size and shape. The best 2-3 metaphase plates were used to construct the respective ideogram according to the relative chromosome length.
Stebbin's asymmetry category was divided by chromosome symmetry division based on STEBBINS (1971) . The degree of karyotype asymmetry was calculated following PASZKO (2006) . The relative variation in chromosome length (CV CL ) in a complement is evaluated as the ratio between the standard deviation (s CL ) and mean chromosome length (x CL ). The coeffi cient of variation for the centromeric index (CV CI ) is evaluated as the ratio between the standard deviation (s CI ) and the mean centromeric index (x CI ) (mean centromeric index CI = 100× length of short arm/total chromosome length). Asymmetry index AI can be defi ned the relative variation in chromosome length (CV CL ) and the relative variation in centromeric index (CV CI ). Relationships between these parameters are summarised by the following equation: Asymmetry index (AI) = CV CL × CV CI / 100.
Data analysis -To examine the genetic relationship among populations, Nei's genetic distance was generated by SIMILARITY based on Karyotype analysis data and a dendrogram was constructed with the unweighted pair-group method of averages (UPGMA) with 1,000 permutations of bootstrapping NTSYS-pc software version 2.1 (ROHLF 2000) . A Mantel test was performed to estimate a correlation between the matrices of Nei's genetic distance and of geographical distances using NTSYS-pc version 2.1 (1,000 permutations, ROHLF 2000).
RESULTS
Karyotype variation -There were relative large distinctions of total absolute length among different cells. In the same cell, the absolute length of each chromosome was different. The longest chromosomes is 4.16 µm and the shortest one is 0.95 µm. The absolute length of most chromosomes ranged from 1.0 µm to 2.5 µm. It showed chromosomes of S. miltiorrhiza belong to small ones. Somatic chromosome metaphases, karyograms of S. miltiorrhiza are shown in Figure 2 and the ideograms of each population in Figure  3 . The measurements of somatic chromosomes of fi ve populations are presented in Table 2 . Consistent with earlier studies (ZHANG et al. 2002; ZHAO et al. 2006) , our karyotype analysis based on all populations confi rms that S. miltiorrhiza is diploid with 2n = 2x = 16 (Fig. 1) . The base number is therefore determined as x = 8. The populations examined showed some variation in two kinds of somatic karyotypes. The karyotype of the population Taian is identical to the three other populations inNeixiang, Lushi and Shangluo, which consists of four pairs of metacentric and four pairs of sub-metacentric chromosomes. It can be formulated as 2n = 2x = 16 = 8m + 8sm. One pair of metacentrics has satellites on the short arms in the Taian population. The other karyotype was found in Zhongjiang population and consist of three pairs of metacentrics and fi ve pairs of sub-metacentric chromosomes, which can formulated as 2n = 2x = 16 = 6m + 10 sm. The microsatellites were found on the short arms of 1st pairs of chromosomes in Zhongjiang populations.
The degree of karyotype asymmetry was calculated following PASZKO (2006) . The AI value and scatter diagram based on the CV CL and the CV CI were used to assess overall classifi cation strength and display relationships among those fi ve populations with respect to karyotype asymmetry ( Figure 4 , Table 3 ).
The populations examined show some variation in three kinds of chromosomal asymmetry. The most symmetrical karyotype was observed in the Neixiang population with a lowest interchromosomal asymmetry index CV CL = 15.962. Taian population display the highest karyotype asymmetry with AI value = 5.208 and interchromosomal asymmetry index CV CL = 24.774 (Table  3) . The other three populations (Zhongjiang, Lushi and Shangluo) compose a class with lower karyotype asymmetry as compared to that of Taian population, in which Zhongjiang population display a slightly higher karyotype asymmetry due to the absence of one pair of metacentrics and the addition of one pair of sub-metacentrics.
Genetic identity and genetic distance among populations -To further elucidate the gene differentiation among the fi ve populations of Salvia Relationships among the populations were further illustrated by a dendrogram using UP-GMA algorithm based on Nei's genetic distance. In the dendrogram (Fig. 5) , there are two main clusters. Taian population formed a separate cluster. The other four populations are grouped in another cluster, and can be further clustered into two sub-groups. Neixiang populations constituted one sub-group, Shangluo, Lushi and Zhongjiang populations are clustered into the other sub-group. 
DISCUSSION
The fi ve populations studied in this paper can be divided into two kinds of somatic karyotypes or three kinds of chromosomal asymmetry. S. miltiorrhiza from Taian population and Zhongjiang can be distinguished with other three populations (Neixiang, Shangluo, Lushi) through karyotype and karyotype asymmetry indexes, while the latter three can not be distinguished out because of similar karyotypes and karyotype asymmetry indexes. The results presented slightly variation between different populations of S. miltiorrhiza in cytological level although large differences were found both in plant characters ( ZHANG et al. 2002) . A possible reason would be the low level of genetic differentiation and high similarity between different S. miltiorrhiza populations revealed by the low average Nei's genetic distance (0.0028), which was identical to the result of SONG et al (2009) . The other reason would be the cytogenetic study and karyotype data provided lower diversity than the morphological characteristics and molecular markers.
STEBBINS (1971) distinguished twelve categories with respect to the proportion of chromosomes with an arm ratio of less than 2:1. This classification is the most frequently used qualitative method for assessing karyotype-symmetry conditions and describing the karyotypic relationships between diferent taxa (BERNARDOS et al. 2003; HE et al. 2004 ). According to the Stebbins' classifi cation of karyotype asymmetry, the karyotype of Taian population belong to "2B" type and the other four populations belong to "2A" type (table 3) . The intervals used by Stebbins' classifi cation (1971) to separate the different types of karyotype asymmetry are very broad, therefore is less powerful and less fl exible.
PASZKO (2006) proposed a new asymmetry index (AI) to measure karyotype asymmetry and a new parameter CV CI to assess the relative variation in centromere position. The populations examined in this paper showed more minor karyotypic variations and were further separated into three kinds of chromosomal asymmetry. Furthermore, the genetic relationships among these fi ve populations based on the scatter diagrams of the CV CL parameter against the CV CI parameter is identical to relationships illustrated based on Nei's genetic distance using karyotype analysis data. The scatter diagram can reflect the real variation and precisely demonstrate relationships among fi ve populations.
